Hypernatremia affects up to 9% of critically ill patients upon hospital admission, especially in elderly patients with thirst impairment. However, hypernatremia is not entirely explained by fluid imbalance. Recent studies suggest that sodium is an important enhancer of the immune system, raising the question of whether inflammatory states such as sepsis may contribute to hypernatremia. Although sepsis patients with hypernatremia face a greater mortality rate, there is a lack of studies examining a potential association between hypernatremia and sepsis. Motivated by the frequent concurrence of hypernatremia and sepsis observed at an eastern Pennsylvanian community hospital, the current study was conducted to evaluate whether hypernatremia on admission may serve as a potential surrogate marker for sepsis. The medical records of 153 patients with hypernatremia on admission (serum sodium > 145mEq/L) were retrospectively analyzed. The mean age of patients was 81.1. Sepsis was observed in 77.1% of patients, of which 86.2% had dementia. This study demonstrated a positive correlation between hypernatremia on admission and the presence of sepsis. We suggest that the existence of hypernatremia should prompt clinicians to further investigate for sources of infection, especially in the elderly and patients with dementia.
Introduction
Sodium concentration is the major determinant of the extracellular fluid volume in the body, and it is normally maintained within a narrow physiologic range despite large variations in daily sodium and water intake. Hypernatremia -defined as serum sodium greater than 145mEq/L -is a condition that is commonly observed in patients upon hospital admission, affecting up to 9% of critically ill patients in some hospitals [1] [2] [3] [4] [5] . Higher levels of sodium can be associated with a wide range of clinical features which are generally the result of neurological dysfunction due to brain cell shrinkage. Some of these major features include confusion or seizures [6] . Moreover, the mortality rate of patients with hypernatremia is significantly higher than that of patients not affected by this condition [1] [2] [3] [4] [5] .
Multiple etiologies exist for the development of hypernatremia, but most cases are directly correlated to a decreased or difficult access to water. One major cause, thirst impairment, is frequently seen in patients with dementia, older adults, or intubated patients [7] . In a normal physiological state, hypernatremia generates intense sensation of thirst to protect the body against neurological injury. This normal response may be impaired in elderly or demented patients due to disrupted function of the hypothalamus and impairment of the thirst reflex -which may be absent in up to two thirds of elderly patients with hypernatremia -this results in a reduced ability to replace water losses [8, 9] . In fact, an increased incidence of hypernatremia has been reported in nursing home patients above age 85 with severe mobility impairment and the inability to feed themselves [10, 11] . To make matters worse, elderly and demented patients often have a restricted access to water. They are either unable to ask for water given their underlying condition, or due to iatrogenic reasons, they do not receive adequate fluid replenishment following hypotonic water depletion [9, 12, 13] .
Recent evidence shows that serum sodium levels may not be completely explained by fluid balance or sodium intake [14] . Some studies suggest that sodium is intimately tied to the immune system, thus raising the question of whether inflammatory states such as sepsis can play a role in the development of hypernatremia [15] . Although sepsis patients with hypernatremia face a greater mortality rate, there is currently a lack of studies examining the exact relationship between hypernatremia and sepsis [16] . If hypernatremia is positively correlated with sepsis, using sodium concentration as a potential laboratorial marker for sepsis could facilitate timely diagnosis and improve the prognosis of hypernatremic septic patients, especially in elderly patients where classic signs of infection are often absent [17] . Motivated by the frequent coincidence of hypernatremia and sepsis observed at Easton Hospital, an eastern Pennsylvanian community hospital, the current study was conducted to evaluate whether hypernatremia on admission may serve as a potential surrogate marker for sepsis.
Methods
The study was conducted at Easton Hospital, an eastern Pennsylvania community hospital. Medical records from 2008 through 2010 were reviewed. All patients with serum sodium levels greater than 145mmol/l on admission were included into the study. A diagnosis of sepsis on the admission or discharge note was used to include patients into the cohort. Any two of the following criteria were used to meet the definition of sepsis: temperature greater than 38.5°C or less than 35°C, heat rate greater than 90 beats per minute, respiratory rate greater than 20 breaths per minute, white blood cell count greater than 12,000 or less than 4,000, and evidence of infection by culture or visual inspection. Other data collected for analysis included age, gender, leukocyte count on admission, and presence of dementia.
The study was submitted, reviewed and approved by the local Institutional Review Board.
Results
During the selected time frame for the study, 153 patients met the inclusion criteria into the study. Table 1 describes the patient characteristics and incidence of hypernatremia by severity -which was divided according to sodium levels in mild hypernatremia (145-149 mEq/L), moderate hypernatremia (150-159 mEq/L), and severe hypernatremia (≥ 160 mEq/L). The mean age was 81.1. Among the 153 patients with hypernatremia, 118 (77.1%) presented with sepsis on admission, 77 (50.3%) were male, and 132 (86.2%) had the diagnosis of dementia. Of the 118 patients who had sepsis, 84.6% had dementia. Dementia was also present in 91.4% of patients without sepsis. The proportion of patients with dementia increased as the hypernatremia became more severe (mild: 76.2%, moderate: 83%, and severe: 97.7%, p = 0.031). Overall, most patients had moderate hypernatremia (150-159 mEq/L) or severe hypernatremia (≥160 mEq/L), but when comparing the proportion of patients with sepsis within each subcategory of hypernatremia (mild, moderate, severe), there was no significant difference between the number of patients who had sepsis and those who did not (p = 0.63). There was also no significant difference in the incidence of sepsis between the three subcategories of hypernatremia (mild, moderate, severe) (p = 0.63). The incidence of each type of infection is detailed in Figure 1 .
Discussion
The aim of this study was to examine the incidence of sepsis in patients hospitalized with hypernatremia. The results demonstrate a remarkably positive association between hypernatremia on admission and sepsis. The patients in this study population are elderly (mean age: 81.1), with most individuals (86.2%) also suffering from dementia. Elderly patients are at higher risk of developing hypernatremia due to many causes: impaired renal function, decreased thirst reflex, and cognitive decline [9] [10] [11] [12] [13] . A diagnosis of dementia is very relevant because these patients either have an impaired thirst mechanism or are unable to ask for water given their underlying neuropsychiatric condition [18] . In fact, this study found a statistically significant increase in the percentage of hypernatremic patients with dementia as the hypernatremia became more severe. This finding is consistent with previous research [18, 19] . Hypernatremia by itself can cause altered mental status, which in turn can further limit the ability of these individuals to access free water. Concerns about aspiration risk in patients with altered mental status may also cause caregivers to withhold water, further worsening the hypernatremia. Recent evidence, however, has also shown that hypernatremia in ill patients is not completely explained by sodium intake or fluid balance [14] . In this study, there was a subset of hypernatremic patients who had sepsis but did not have dementia, which might suggest that an underlying infection may play a role in the development of hypernatremia.
The presence of an underlying infection or systemic inflammatory response syndrome (SIRS) can increase the body's free water requirement, contributing to a significant free water deficit and subsequent hypernatremia. In a study of rat models with experimental sepsis, alterations in the hypothalamic pituitary axis, including elevated aldosterone and corticosterone levels, were reported [20] . Notably, sodium was the only major electrolyte to be elevated in these animal models. These hormonal alterations in response to sepsis may be further contributing factors in the development of hypernatremia. It is known that dysnatremias are a significant risk factor for mortality in critically ill patients [21] . Both hyponatremia and hypernatremia were significantly associated with death among pneumonia patients. The effect of hypernatremia on mortality in particular may be more pronounced than hyponatremia. Several retrospective studies have shown a mortality rate range of 30% to 48% for patients with hypernatremia levels > 150 mEq/l [22] .
Conversely, recent evidence also suggests that sodium is a significant promoter of immune function. This may provide an explanation for the frequency of sepsis among patients hospitalized with hypernatremia. Sodium acts by enhancing the function of macrophages and T-lymphocytes [23] . In fact, a hypernatremic environment may serve as an immunological defense mechanism in inflammatory states such as infection [15] . During skin infections, the concentration of sodium in the skin increases. In humans and mice the sodium accumulation that occurs during cutaneous bacterial infections endogenously boosts antimicrobial capacity by promoting phagosomal acidification and oxidative burst. Saltinduced enhancement of leukocyte function is not only confined to macrophages of the innate immune system, but also enhances T cells, which form an essential part of the antigen-specific adaptive immune system and whose function is known to be governed by various microenvironmental factors. A study that evaluated the effects of skin sodium concentration on macrophages demonstrated that the activation of macrophages in the presence of high sodium chloride concentrations modified epigenetic markers and enhanced mitogen-activated protein kinase dependent nuclear factor of activated T cells. This high-salt response resulted in elevated nitric oxide production and improved the immunity to intracellular pathogens such as Leishmania major. Furthermore, the effect of sodium on the immune system was replicated on the kidneys. Electrolyte concentrations found in the medullary environment of the kidney impact the immunobiology of the renal mononuclear cell network and augment the production of enzymes that are linked to anti-inflammatory phenotypes of mononuclear phagocytes [24] .
Despite the association between elevated sodium levels in particular organs and an increase in immune response, classic signs of infection may be absent in the elderly due to an aging immune system [25] . In this context, it is not clear if the hypernatremia observed in our population can be attributed to an attempt to fight an infectious process, an impaired thirst mechanism, or possibly a combination of both factors. Regardless, our findings suggest that individuals with an underlying infection may initially present as hypernatremic patients. Most patients presented with moderate (150-159 mEq/L) or severe (>160 mEq/L) hypernatremia, but there was no significant difference in the incidence of sepsis between the subcategories of hypernatremia (mild, moderate, severe). Therefore, clinicians may be warranted in pursuing further investigation for a possible source of infection in patients who present with any level of hypernatremia, especially in elderly patients.
One limitation of this study is a lack of a comparison group. The presence of a comparison group could establish a baseline to determine the incidence of sepsis in patients without hypernatremia. Subsequent studies of the data could clarify the nature of the relationship between hypernatremia on admission to a higher incidence of sepsis. Adding a comparison group would be beneficial to assess the statistical significance of the study findings. Another potential limitation of this study is the retrospective design. Given intrinsic design limitations of this chart review study, we cannot make conclusions about cause and effect correlations. The observation of our data points that an association between sepsis and hypernatremia exists, however we cannot clarify the exact nature of this association. On that note, it is hoped that this study findings will prompt future research, ideally in prospective format, that could seek to establish whether the presence of hypernatremia is significantly related to sepsis and what is the exact nature of such association.
Conclusion
Patients admitted with hypernatremia are significantly more likely to have sepsis as well. This is true in patients with dementia, mainly from nursing home settings, and also among nondemented patients. Signs of infection may be suppressed in the elderly due to an aging immune system. The classical presentation of infections -namely fever and high white count -is less frequent in the elderly compared to younger patients. Our study identifies hypernatremia as a potential surrogate marker of sepsis. Given the high mortality rate of sepsis patients with hypernatremia, we conclude that the presence of hypernatremia should spur the clinician to further investigate for a possible source of infection, especially in the elderly and nursing home populations with dementia. This could lead to prompt diagnosis, efficient workup, and a potentially life-saving management plan.
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